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[ simple.c ]

1: #include <GL/gl.h>

2: #include "aux.h"

3:

4: main() {

5:

6: auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
7: auxInitPosition (0, 0, 500, 500);

8: auxInitWindow ("simple.c");

9:

10: glClearColor (0.0, 0.0, 0.0, 0.0);

11: glClear (GL_COLOR_BUFFER_BIT) ;

12: glColor3f(1.0, 1.0, 1.0);

13: glMatrixMode (GL_PROJECTION);

14: glLoadIdentity Q) ;

15: glOrtho(-1.0, 1.0, -1.0, 1.0, -1.0, 1.0);
16: glBegin (GL_POLYGON) ;

17: glVertex3£f(-0.5, -0.5, 0.0);

18: glVertex3f(-0.5, 0.5, 0.0);

19: glVertex3f( 0.5, 0.5, 0.0);
20: glVertex3f( 0.5, -0.5, 0.0);
21: glEnd () ;
22: glFlush();
23: sleep (10);
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000000000000 (gBegin00 glEnd00)0000000000000O0O0DOOOOOOOOOOO
00000000000000000000000000000 glBegin()DOODO GL_POLYGON DD O OOOO
gooobooobooboboboobooboboobobobobobobooo

0000000000000000 x,yz00 (-0.5,-0.5,00)000000000
gobooboobooboboobobooboooobobooobobooobobooo
00000 glEnd() 0000000 DOO0ODOOOO

gooono glFluSh()DDDDDDDDDDDEIEIEIDDDDDDDDDDDDDDDD4DDDDDDDDDD
goooboboooboboboboobobobooboboobobobobobooboboobob

00000 (OpenGLOOODOOO)COOUOOOUOOUOODOOUOLDODUOOOODOOODODODOOOD
0000000000000 0U0DO0OD00D (glFlush00)00 (COODOD)00D0OOD0OODODOODOOOOOO
0000000000000 00D00O0000000UD0OOUDOsleep(lO)D0D0OODOD 000000
00000000000 ooo0oo0o00o00oo00o00000U00oooooo0sleepd 00 0O0OOOOOO
goooboboboobooboobooo

3 /usr/local /include/GL/gl.h
‘0poo OpenGLOUDOUOODOODOODDOODOODODODOUOUODOOODODOODODODOUOODOUOODDODDODODODOUODOOO
goooooo
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2.5 OpenGLOOOODOODOODOODO

OpenGLODOOODO “l”00000000000D00DOLOOOOODOOODOODOD (DOO “glClearColor”)d
000 “cL..”0000000000000000000000oogooo

000000 “glColor3f()’ 000000 DNUODUOUDUODDUD (DODLO “3f)00DODODOODO
0000000000000 3000000000000 00U0O0O0U0O0O00DO0UDO0O0UO0OOODOO “glColordf()”
o0o0o0o0oo0o00oO00o0oO00oO0ooO0oooooOo0 Yo “4“00fleat0 0000000 0O0O0OOOOOOO
O0000o0ooooooo ¥f’00id0d0o0oo0o000000ooo0oo000oooooooUoUoooon
gobooboboboobooboobooboobooboboobobooboobobobooo

god gooo OpenGL OO OO
b guuoogn GLbyte
i 3200000 GLint
f 3200000 GLfloat
d 64000000 GLdouble

0000000000000 0000000000000000D00 Co0oDIntOfleat00000O0OOOOO
0000 GLintO GLfloat 0D 000000000 OD0O0OO0O0O0OOOO0OO OpenGLOOODOOOOOOOOODOO
00000000 OpenGLOOOOOOOOD “”’0000000D00OODUO0ODOOO0 YW”0O0O0O0OO(DO)OO
goboobooboobooboboobbooboobobooboobooboobbooboobooboooboon
0000000oooooooooUoUooooo OpenGLOODOOOOOOOOOODOODOOUOOOOOO
goooboobobooboboooboboobobboobobobobooboo

float color_array[] = {0.0, 0.0, 1.0}; /* O */

glColor3f(1.0, 1.0, 0.0); /* O000O0O0O0Oooooo */
glColor3fv(color_array); /* 0000000OOoOoO  «/

2.6 OpenGL 00000

OpenGLOOOO0OOOOOOOOOOOONOONOOOOOOOOOOOOOOOOODOODODOODOOOOO
“O00000”’000000000000D0C0O0O000000ODOO0OOUO000 “O0000000”0 “0D0000
00”0 “000000000000oOoL0”’00U000000O0OO0O0000D “CO0ODO0o0D0”000OoooDooOO
goobooboobobooobob

obooobobooobooooboobooog

0000000000000 000000 “glColox3f”’ 0000 DODOOOODODOOOODOODODODO “simple.c” 00O
000000000 00000O00D 160 glBegin() 000 210 glEnd() UO0O0OO0OOOOOOO
“draw_rectangle()” 000000 O0OOODO



OpenGL OO

glColor3£f(1.0, 1.0, 1.0);
draw_rectangle(); /* DO0Ooooooo =/

glColor3£f(1.0, 0.0, 0.0);
draw_rectangle(); / 00000000 =/
draw_rectangle(); / 000D000oooooog =/

glColor3£f(1.0, 1.0, 0.0);
draw_rectangle(); /* DO0Oooooooo =/

000000 glColor3f() 0 “00D0000”’00000000O0ODO0O0O0ODO “000000”000000000O0
goooobooboooobooboobooboobobobboobooboobobo0obooboobboOoo
gobooboobobooobobooobon

27 0O0DOOOOODOOO

OpenGLOUODO0OODODOOOODODOOODODODOOUOOODOUOODOOOUOODOOOOODOOOODOOOOO
goboobooboboooboobooboboooboobooboobobooboboobboobooobbobboon
0000000000000 00000D00D00ODO (vertex) DOODODODDODOOOOODOOODOOO

0000000000000 00oDo0000oo00oDo00D0D00 z=000000000000000
gooobooooobooo

[ simple2.c J

#include <GL/gl.h>
#include <math.h> /¥ 0000000 (sin, cos) DOODOO %/

#include "aux.h"
main() {
float pi;
float x0, x1, x2, x3, x4, x5;

float yO, yi1, y2, y3, y4, y5;

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
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auxInitWindow ("simple2.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /x OOOO =/

glClear (GL_COLOR_BUFFER_BIT) ; / 00000000000 =/
glColor3£f (0.0, 1.0, 0.0); /x 00 %/
glPointSize (5.0); /x OO0O00O0O 50000 =/

glMatrixMode (GL_PROJECTION);
glLoadIdentity ();
glOrtho (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5); /» 0O OO =*/

pi = 3.141593;

x0 = cos(0*pi/3); yO = sin(0*pi/3);
x1 = cos(1*pi/3); y1 = sin(1*pi/3);
x2 = cos(2%pi/3); y2 = sin(2*pi/3);
x3 = cos(3*pi/3); y3 = sin(3*pi/3);
x4 = cos(4*pi/3); y4 = sin(4*pi/3);
x5 = cos(5*pi/3); yb = sin(5*pi/3);

glBegin (GL_POINTS) ;

glVertex3f (x0, y0O, 0.0); /* o o */
glVertex3f(x1, y1, 0.0); /* */
glVertex3f (x2, y2, 0.0); /* o o */
glVertex3f(x3, y3, 0.0);  /* */
glVertex3f (x4, y4, 0.0); /* o o */
glVertex3f (x5, yb5, 0.0); /* gooad */

glEnd () ;

glFlush();

sleep (10);

\ end of simple2.c /

gobooboobooboobobbooboobbobobooboobbobooboboobooboobboOoon
0000000000000 00000000000000D0 “glBegin” 00 “glEnd” O0O0O0O0OO0OOOOODO
00000000 “glvertex()” 0000000000000 0OO0ODOO0OOOOOOOOOOgIBegin0O0glEnd
gobooboobobooboboobobooobo

glBegin (GL_POINTS) ;
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);

}
glEnd () ;

goboboboobobobooboboobobooboboobob

[ simpled.c ]
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#include <GL/gl.h>
#include <math.h> /¥ 0000000 (sin, cos) */

#include "aux.h"
main() {

float pi, x, y;

int i;
auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);

auxInitWindow ("simple3.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /* OO OO =*/

glClear (GL_COLOR_BUFFER_BIT); /* D000oooooog =/
glColor3£ (0.0, 1.0, 0.0); /* 00O %/
glPointSize (5.0); /* JO0O0O0 50000 =/

glMatrixMode (GL_PROJECTION);
glloadIdentity ();
glOrtho (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5); /* OO OO =*/

pi = 3.141593;

glBegin(GL_POINTS) ;
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);
}
glEnd();

glFlush();
sleep (10);

\ end of simple3.c /

goboooboooboboobobobooboobbooboooobooboobboobobobobooboobooLD o
000000000 0000o0O “glBegin()” 0000 “GL_POINTS” O “GL_POLYGON” DOOOUOOOOO
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[ simple4.c ]

#include <GL/gl.h>
#include <math.h>

#include "aux.h"
main() {

int i;

float pi, x, y;

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);

auxInitWindow ("simple4.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /x OOOO =*/

glClear (GL_COLOR_BUFFER_BIT); /* 0000000 oooo =/
glColor3£ (0.0, 1.0, 0.0); /* 00 %/

glMatrixMode (GL_PROJECTION);

glLoadIdentity Q) ;

glOrtho (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5); /+ O0OO0O =*/

pi = 3.141593;

glBegin(GL_POLYGON) ; /* <-——— Q0O0O0d */
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);
}
glEnd () ;

glFlush();
sleep (10);

\ end of simpled.c /

gobooboooboobboobooboooobooboboobuoobooeLpPOLYGONOD DD OODODOODO
gooooooo

GL_POLYGON DOODOODOOODODOOODODOO

goboboobobooboboobobobobobboboobobo

28 0O0OOOOODOOO

000D “glBegin()> 00000000 D0OODOOODOODOODOODO “GL_POINTS” O “GL_POLYGON” DO O OO
oooO0o0o0O “GL_POLYGON” OO OCOOOOOOOO0OOOO0OUOOOOOUOOOODODODOOOOOUOUOOOOOOO
0000000 U0U000oO00OOOD0OO0OO0 “GL_POLYGON” DODOOOOOOOOODOO

goooboobooboboobobouooboooobobooobobooobobooo
vOo, vi, ..., viOxOyOzOOOOOOOOOOOOOO
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float vO[]
float vi[]

{-1.0, -1.0, -1.0};
{1.0, -1.0, -1.0};

gooboboboboboobobooboboobobboboobobobobbo

/* va v5 */
glBegin (GL_POLYGON) ; /* o + */
glVertex3fv(v0) ; /* / /1 */
glVertex3fv(vl); /* V2+-————- + | v7 */
glVertex3fv(v3); /* | v3| / */
glVertex3fv(v2); /* | [/ */
glEnd Q) ; /* o= + */
/* vO0 vi */
glBegin (GL_POLYGON) ;
glVertex3fv(v2);
glVertex3fv(v3);
glVertex3£fv(v5) ;
glVertex3fv(v4) ;
glEnd () ;

/* glBegin() O glEnd() 0000000000 */

goboooboobooboooobobooboobbooboobooboobboboboobooboobbOooo
goooboboooobo

0000000000000 00000000000O0O0000DUD0OUOOOOOOO “GL_POLYGON” ODODOOO
goobobooboboobobooboboobooboo

gbooobobooboboobo
GL_POINTS gooon
GL_LINES gbooooo
GL_POLYGON good
GL_TRIANGLES goooogo
GL_QUADS goooogo
GL_LINE_STRIP gooooo
GL_LINE_LOOP obooooobgoooobgoooo
GL_TRIANGLE_STRIP gbooooan
GL_TRIANGLE_FAN gbooboboob
GL_QUAD_STRIP gbooooon

00000000000 D0000D0OglBegin) 000D DOO0DDOOODOOOODDO®O

000000000000 0O0000000 “000”000000000000000000000000000000000000000
0000000000 “0”0D00000000000D0ODOOOOO ...
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v0 v0 | v2 vi____v2
x / | / |
/ | v3 / |
v3 x x vl / /
vl _______ v0 |
X v2 véd v5 [v3
GL_POINTS GL_LINES GL_LINE_STRIP
v2__ v3 v2 v3 vO0 vl
/ | +—————- + +———+
vl / | vl | /+++/
| v5 | \++++++| /+++/ vé vb
| /\ | \++++/ v4 +———+ +————— +
vo |/ \I| v4 \++/ v3 v2 [++++++/
\/ +————- +
GL_LINE_LOOP vO0 v7 v6
GL_POLYGON GL_QUADS
vli v3 vb v6 vO_______ v2
o +——— + \+++++/ vb_____ v4
J++++ | H b |/ \+++/ | ++++/
[+ | |/ \+/ | +++/
[+ | |/ + | ++/
- e +————+ vl |+/
v0 v2 vé4 vb v3|/
GL_QUAD_STRIP GL_TRIANGLES
v4 v3 v2
e e +
vl v3 vb \+++++ | +++++/+\ v
- e + \++++ | ++++/+++\
/+H\+++++/+\+++++/ \+++ | +++/+++/
[+ \+++/+++\+++/ \++|++/++/
[+++++\+/++++4+\+/ \+|+/+/
e mmmmee + \1//
vO0 v2 v4 vO0
GL_TRIANGLE_STRIP GL_TRIANGLE_FAN

000000000 UOglBegin() OglEnd() OO0 O glVertex3f O glVertex3fv(v0), glVertex3fv(vl),
glVertex3fv(v2), glVertex3fv(v3), --- 000000000000 0OO0O0O0OOglBegin() UOOODODOOOO
gooooboobooboobooboboboobboboooobooboobDboobLbobObooboobooL o

gobooboooobon
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glBegin (GL_QUAD_STRIP) ;
glVertex3fv(v0); glVertex3fv(vl);
glVertex3fv(v2); glVertex3fv(v3);
glVertex3fv(vd); glVertex3fv(vbh);
glVertex3fv(v6); glVertex3fv(v7);
glVertex3fv(v0); glVertex3fv(vl);
glEnd () ;

glBegin (GL_QUADS) ;
glVertex3fv(v0); glVertex3fv(v2);
glVertex3fv(v4); glVertex3fv(v6);
glVertex3fv(vl); glVertex3fv(v3);
glVertex3fv(vb); glVertex3fv(v7);
glEnd () ;

gobooboobobobooboboboboboobobooo

gbbooboooobobooobboobbooobboobobooobboobbboobooobboon
gooooboobooobooboooboobboooboobooobobDbooboobDbooboobboooo
goboboobobooobobooobon

29 0O000OO0bObOOoOoOobbOOoOn

0000000000300 CcGUUUUoUOOoooOoooUouooooooa

1. 0000
2. 00000 (DOD0DUOO0O0OOOOOOoDOOOoOoOooOooOoO)
3. Doobooooo

goobooobooobooobobooobooobboobboob0booobbooLobboobboOoo
00000000000000000000000000 OpenGLOOOO

gboooobooboboobooboo

gobobboooooooobobbbbooooobobboboooooooobobobbbobboooooooboboboobo
000000000000 0000000000000 OpenGLOODOOOOOODOOOOOOOOOO
000002000000000000000000000000O0 CGUUODOOO0OUODOOOOUOOO
0000000000000 0000000000%00000000000000000000000000O0
00000000000000000000000000000 OpenGLOOODOOOOOOOODOOOOOOOO
0000000000000 00000000000000000O0O00 OpenGLODO

oooooobooooboooo

‘0ooOooO000O00000000O000000
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00000000000000000007000000000000000 CGOOO0000000000000
0000000000000 0000000000000 OpenGLOODOOOOOODODOOOOOOOOOO
000000000000000000000000000000000000000000 (00000000
0)0000000000000O0O00O0000L00L00D00O0O000O00OLD0OLD0O0OLODOUDOOODOODOODO
gobooboobooobobboobooboobooboobooboobboboboobboobbOobooon
gooboboobobobooboboobobooboboobobooboboboobobo

2,10 O0ODOOOOObOOoOooD

000000000 OpenGLOOOOOOOODOODODO 0000000000 DO0OO0O0OOODOOOOOOO
goooooboooooobooooobobboooooobobobobbbobboboooooooooooboboboDbo
gooboboboboboobobooboboobobooboboboobobo

oooooobgoooo
good

o | 14 depth
o=========== I 1 buffer
3D OBJECT Q========= |

0000000000000000000000000 (depth buffer)’00000000000000ODOOO
0000000000000 000000000000000000000000000000000000 (=0
00)00D000000000000000000000 (0BJ-XOOOO)O0OOODOOODODO0O0O0OO0O0000000
O000000BJ-X0000000000000000000000000000000(000000)0000
0000000o0BJ-X00000000000001%n0

gooooo
(1) 0BJ-X00000 (POO0O0O)0OOOOOODOOOOOO
(2) 0 PUOUUOULOODODOOODOOUOOOOODO (I,))OUOOOO
(3 0000000000000 000UOOOOoOooOD (1I,H00
00000 DUOOOODODODUUODODODOD (OO
OpOUO00OOCODODOOO)DOPOOOOODOOOOOOOOUDOD
gboooo

gbooobobooboboobob

g Oo000000000000000000000000000000000000000000000

000000000000 000000000000000000000000000000000000000000000000000
gooooooOoooOoO0booOo0oOoO0oOooOOoO0O0OO0O0bOO00O0000O00O0OO000O000000D0

9700000000000000000

VopoooDo000000000000000000000000000000000000000000
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gooobooooon

ooooooo
Q=== mmm e X===========| 36 --> 11
R X============| 24 --> 12
0----X=============| 18 --> 13

X | 14

X 11

0BJ-X X 9

X 8

X o========| 8

X o=========| 9

OpenGLOOUOOO0OOUOOOOOODOOUOOODOOUODO (DOODODOUODUOOOO)OODOODOO
gbooobobooboboobo

glEnable (GL_DEPTH_TEST) ;

0000000000 (DU0DOU0OO0 OFFOUODO)GL_DEPTH.TESTO ONOOOOOOOOOODOOOO
glEnable ) 0000000000 DOOO0DODOOOOD OpenGLODOO ONOODDOOODDOOODDOMO
gobbooboooboboooobobooobobbooobboooboboobbooobbobobbooobooon
0000000000000000000000 (D000D000000000)0000000000000000
0000000000000 000000D0000000O0DOglClear(GL_DEPTH_BUFFER_BIT) 00000000
0000000000000000000000000000000000000000000 (00000000
00000000)0000000000000000000000000000000000 (DOO0D00)

glClear (GL_COLOR_BUFFER_BIT);

glClear (GL_DEPTH_BUFFER_BIT);

gooooboooobooooooooooboobobbbbooooobDbOb bbb ooLobLbDO
goboobobobooboboboobobboobon

glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

000000000000 glEnable() OglClear() 000000000000 00000O0O0O000O0OOO0O
000000 aux library 0000 0000000000000 0auxInitDisplayMode (000000000 sim-
ple.c (p.11)000000)00000

(AUX_SINGLE | AUX_RGB | AUX_DEPTH) 00O OC0OOO

11EIEIEIglEnable(GL,FOG)DDDDDDDDDDDDDDDDDDDDDDDDDD (bbooopoo)oDoooNQODOOOOOOOD
glEnable(GL_LIGHTING) 00 OOJOOODO ONDOCOOODOODOCOOO (p-25)0



211 00000000000

2,11 0OO0OODOOOOOODOO

OoooONOUOOOOOOO0OO0O0O0O0O0OO0OO0O00U0U00oouooooooooooooo0ooUoooooog
gobooboobobooobobooobon
gboobobooon

gllormal3f () ;

000 (0O00oooo0)

glNormal3fv();

00000000000000000000000000000 30000 (0000 (2)00000000000
oooo)

(1) D0OOoO0OoUUOUOOOoOODOoOoOoOOO
(2) D0OD0OO0OOO0UOOO 100000000
(3) 000000 UU0UoOoOoOoOoOoOooOoOoOOn

gobooobooboboobobobooboobboobooboobboobobobobooboobbobbOooD
RN

float nO[] = {0.0, 0.0, 1.0%}; /* J00O0oooogo */

float n1[] = {0.0, 0.0, 1.0%}; /* J00O0oooogo */

float n2[] = {0.0, 0.0, 1.0%}; /* J00O0oooogo */

float vO[] = {1.0, 0.0, 0.0%}; /* OO0O0Ogoog x/

float vi[] = {0.0, 0.0, 0.0%}; /* 000000 =/

float v2[] = {0.0, 1.5, 0.0%}; /* 000O00Qg =/

glBegin (GL_POYLGON) ; /* nl x/
glNormal3fv(n0) ; /* no | x/
glVertex3fv(v0); /* | | */
glNormal3fv(nl); /* | + n2 */
glVertex3fv(vl); /* + | */
glNormal3fv(n2); /* | x/
glVertex3fv(v2); /* + */

glEnd () ;

0000000000000000000000000000000000000000000 sqrt()000000
U0000glNormal DO 0OO0O0OODOOODOO
0000000000000000 OpenGLOO

goooboooboobogooo
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gobobooobobooboboobooboboboobobooobo
gooboobboooboooboboobobooooobbooobDbobobboobobooLobbooobOoOoo

gobooobooboobooooodoobooboooooobooboboboobboobooboobbDOoLoD

goboboooboboobobooboboobobboobobobobooo

2,12 0O0OOO

2.12.1 0OO0OOOO

goobooobooooboooboboobobooooobbooobDbobobbooboboobDbooobbOooo
00000 OpenGL OO

gbooobooboobobooboboobobooon

0000000000000 000D0000D0000OL0O0D (OOL)00 OpenGLOOODOOOOOOOO
000 OpenGLOODOO0OUOOOOODOOOOOOOOODOOOOOOOODOOOOOUODOOUODODDOOOOO Com-
pleXcope 00 OOO0OO0OO0OOOOOOOOOODOOOOOOOOUOOOOOOOODOUOOOOO
gbbooobooooboobooboboobobobooobooobboobobboobboOoobbbooobboon
gooboboooboboobobooboboobobboobooboboobooboo

ooooooboooooo
o (IOUOO)OOODODOOO
o UbOOOobOObLOODODLOODODOODODO
o UbOOODOOOODO

gobooboobooboooboobooboobbooboobooboobobooobooboobboOobooon
gobooboobooboobboobooboobooobooboboboobboboboobooboooon
0000000000000 ooooooO0000U0U0000000000oO0DOoDO0O00O00 OFFOODOOO
obooob0oboobO0ob0o0oboboboboobobob0obbbobOobobOobbglColordbonooonDOn
RN

goooobooboooobooobooboooobbooobboobbDboobooobDoOoobDbboooo
goboobobooboobooboboooboboobobobooboboboobobbobobboboboboboobon
gobooboobobooooobobooboobbobobboobooboobobobboobooboobooooD
gobobobooboboobobooboboboobobboboobobo

gboooboooooobobobboobo ooboobooboobboobooboobboboooboo
000000000000 000oooooooO CompleXcopeOO “O000070000000000O0O0ODOO0O
gooooobobobobbooooobbboooooooooboobboboooob bbb LboLbDoD
0000000000000 (00D0000000)0000000000000000000000000000
goobobboboooooooooooobbboodooobDbooLobDOobLDb bbb boooUUUb o
(0000D0)0D00000000000000000000 “0000”0000000000000000000
0000000000000 000000000000000000000000000000000O000O0
00000000000000000000000000000000000000O0oooooooo® oo
OO0ooopoooOoooooo 23200000000

gboobobooon

0000000000000 00N00000N0000N0N0N000NNNooooNoooooon
13CompleXcope D0 0D DDOOOONDDODOODD (“Welcome to CompleXcope” )0 000000000000 0OO
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ooooooboooooo
o glColorUUO0OD0O (DODOOODUDUULUDODOOOODOOOUOOO)LODODDO
goooboboobob
o 000000DUUUOO (COODDODOOOODUOOUO)YUOOOOOO
goboooooboo

gooobooo

2.12.2 0O00O0OO

0000000000000000000000000000000000 OpenGLOOOO

glEnable (GL_LIGTHTING) ;
glEnable (GL_LIGTHTO) ;

O00OglEnable ) 0000000000000 ODOO0O000O0O0O0O00O00000O000000O0OO OpenGL
0000000 ONOODOODUOOUOODO0O0OU0O0OOOglEnable() 00000 ONOOOOODOOOOOO

OpenGLOOODOOOODDDOOOODOODOOOOOUDOOOOOOOUOD IOOO20..0000000000
O0O0OO000glEnable(GL_LIGHTO) 0 UJOUOOOOUOO OU0U0O0O0OODOODUOODOOODOOOOOODOODOO
gboooboboobo

glEnable (GL_LIGTHTING) ;
glEnable (GL_LIGTHTO) ;

glEnable (GL_LIGTHT1) ;

0000000000000000000000000000000000000 (D0000)000000000
00000000000 (GL_LIGHTOO)OOO0O0O0D000O

goobooobooooobooooboooboobooobLboobobbooboboobDbooobbOooo
gooooboobooooboobooboobbooboobbobboboobboobbooobobbooboon
goboobooboboooboobooobooboobboboboobooobobobooboobooboooon
000 (000000000 0)00000000000D0O0000DLDO0DOU0ODU0ODOLOD0OObOOODODOO
0000000000000 000000000000000000000000000000000 OpenGL O
gooooooboboobon

goooogo

gboRrRGBUOOODOOOODODOOOO

00000000000000 (CoooooooOoOooooooO)
gboobooboobobooboboob
gbooobooboobobooboboobobooboboon
(CoooOoREGBOOOOOOO)
gboobobooboboobobooboboobobboobo
gbooboboobobooRrGBUODOOOODOODODO

o JOODOO0ODLODUOUODLODLOUODLODOODLODOODODOO
gooobogrGBUOOOOO

O O O O ©°o

o

o

o0oo0o0o0o00000000000000000000000000000000O0DOoOODODOOOO CGOoOO
00000000000 “o000’0000000000000000000000O0O0O
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2,123 0O0O0O0O0OOOOOOO

000 (ambient light) D0 0000000000000 0DO00DODOOOODOOOYODDOOOODOO
0000000000000 U000o00oo0o0o00ooo0000U00000o0D0oO000U0UU00oUo0O RGB
goboobooboobooobobbooboobooboooboobooboboobbooboobboobooon
goboobooboboobobooboboobobooboboobob

oogd

-——= 0B ---—- gobooooboboobo
gooobooobobogooo

000 (diffuse light) 0000000000000 O0O0OOOOOODOOOODUOOOOUOODOODO (DoDO)
0000000000000 00000U000U0 (000000000000 0OO0)U0DOD0OObOOOLDODOO
0000000000000 00 sS000000000000 #000000000 SO0 #00000000000
0000000000000000000000000000000000000 (0000)00000 80700
00000000000 000 (D000)00000000D0000ooooon®o

gooooo

000000000000 000000O000OU0O0 (D0)ODOD0OLOUD0ODOODOObODOOODOODO

“pogpooooo
O0Oo00000000000000000000000000(0000000000000000000)0000000
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000000 (specular light) 0000000000000 00000000O0O0O0O0O0OOOOOOOOOOOO
gobooobooobooboobuooboobboobooboobDoobDbobo0bo0boobbobDbOooD
goooobooobooboobuooboobbobobooboobDoobDbobDbo0booboobbLOoLoD
goboooboobooboooboodoobooboooboobooboob bbb boobOooo
0000000000000 000000000 000000000000 R000000000000000O0O
0000000000000 ¢d00000000000000000 §+Y0070000000000000O00O0O
gobooboboobobobobobboboboboboobo

oooooo
oo
00 V2 (Ooo)
oo
\/ Vi (OO)
__S__
/ \
|
+= |- + oo
/| / v3 (O0O)
/0
/ /
/ /
- +

2,124 0O0O0O0OOO

0000000000000000000000000000 CGU0000000000000000000
000000000 CGUO0O0D0000D00D000000000000000000Oonoong (0,0,0000000
0010000000000000000000000000000000000000000 (00)0 42000
000¥00000000000000 2000 4000000 (0D0)Y70

0000000000000 000000000000000000 (000)000000000000000
0000000000000000000000000000000000000000000000000000
0000000000000000 “00070000000000000000000000000000C000
00000000000D0O000000 (0,0,1)0000000000000000000000000O00000
00000000000000000000000000000000000000000000000000

D0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000 (1,0,0)
000000000000000000000000000000000000000000000000000
(r<0)0(0000000000D0D0O00O00D)000000000000000000 (0DO0000)000
00000000000000000000 (00000000000000)00000000000000000
0000000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000000
0oooooood

D0000000000000000000000000000000000000000000000000
00 “000”00000000000 (0000000000000000000000000)00000000

160penGLOOOONOODOONOOOOODOOOO
TopenGLOOOOOOOOOOOOOOOOOOO
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0000000000000000000000000000000000000000000 (00D0DOOoO000)
gobooobooboobooobuooboooboboobooboobDoob oo bDbDOooD
00000000000000000000000000000000000000000000000 (0000
00000)000000000000000000000000 (000000000)000000000000
goooobooboobooobooboobobooobooboobbooboobbobObooboobooLD D
goooboboobooboboobobobooboboobobooboboobobo
0000000000000 0000000O0oO0OooOO (CompleXcope OO)O

gbooboobooobooboobobooboboooboobo

0000000000000 0000000000000000000000 OpenGLOOODOOOOODOODO
goo

0000000000 oo)yoooooooog o

00000oDooo 1000000000000 0 0D0000ODOO
gooooboobooooboboooboboooboboooboooobooooboobobooboboobobg

0000000000000 0000000000D0000000000000UOglLightf () 00O gllightfv()

gooooo

GLfloat light_position[] = {10.0, 5.0, 3.0, 1.0}; /* OOOOO =*/

glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING) ; /¥ 00000 ON */
glEnable (GL_LIGHTO) ; /* 00O 000 ON =/

00000 (000000 light_position )000000DO00OOOOOOOO z,y,2000000000 1.00
000000 z,y,20000000000000000000g1Lightfv() 000000000O0O0OOO0OOODO
000 (lz,ly,lz,lw) D00000000O0O0O00O0OO0O0O0O0O (lz/lw,ly/lw,lz/lw)0DOOO000OO0O0DOOO
goboooooobo

goobobooboobooboobobobobobno o.000ObOO

ooooooood (lz,ly,lz)000000000OOOOOLOOLOOOOOOODOO OpenGLOOOOOOOO
goooopooooooU0lopoOobCOoOUOODOoOoOUOOUOoDOoO

goooobbooobooooooobobooobDbooobboob bbb obbooobboOoo
RN



21300000

{10.0, 5.0, 3.0, 0.0}; /x OO0 =*/
{1.0, 1.0, 1.0, 0.0}; /*x OO0 =/
{0.3, 0.3, 0.3, 0.0}; /x OO0 =/
{0.8, 0.8, 0.8, 0.0}; /* OO0 =/

GLfloat light_position[]
GLfloat light_diffusel]
GLfloat light_ambient[]
GLfloat light_specular[]

glLightfv(GL_LIGHTO, GL_POSITION, light_position); /x OO  */
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse); /* OO0 x/
glLightfv(GL_LIGHTO, GL_SPECURAR, light_specular); /+* OO0 */
glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient); /x OO0 #/

glEnable (GL_LIGHTING) ; /* 00000 ON */
glEnable (GL_LIGHTO) ; /¥ 00000 ON x/

2,13 00O0OOO

00000000000000000000000000000000000 (R,GB)000000O0O0OOOO
gooobooboboboobobooobo

goboobodobooboboobobooboooobobooobobooo

glMaterialfv()

gboooood

goobooboooobo
0000000000000000000D00000000000000000000000000 (0)o0oO
0000000000 (0)oooooooo

{10.0, 5.0, 3.0, 0.0}; /* 0000 */
{1.0, 1.0, 1.0, 0.0};
{0.3, 0.3, 0.3, 0.0};
{0.8, 0.8, 0.8, 0.0%};

GLfloat light_position[]
GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[]

GLfloat ball_1_diffusel]
GLfloat ball_1_ambient[]
GLfloat ball_1_specular[]

{1.0, 0.0, 0.0, 0.0}; /x O 1 %/
{1.0, 0.0, 0.0, 0.0};
{0.8, 0.8, 0.8, 0.0};

GLfloat ball_2_diffusel[]

{0.0, 1.0, 0.0, 0.0}; /x O 2 %/



OpenGL OO

GLfloat ball_2_ambient[]
GLfloat ball_2_specular[]

{0.0, 1.0, 0.0, 0.0};
{0.0, 0.0, 0.0, 0.0};

glLightfv(GL_LIGHTO, GL_POSITION, light_position); /* OO  */

glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse); /* 000 =/
glLightfv(GL_LIGHTO, GL_SPECURAR, light_specular); /* 000 =/
glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient); /* 000 =/
glEnable (GL_LIGHTING) ; /* 00000 ON *x/
glEnable (GL_LIGHTO) ; /¥ 00 000 ON */
glEnable (GL_DEPTH_TEST) ; /* 000000 (0OoO00O) ON *x/

glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
/* 00O00ooo =/

/* 0O0ogo */
glMaterialfv(GL_FRONT, GL_DIFFUSE, ball_1_diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ball_1_amnient);
glMaterialfv (GL_FRONT, GL_SPECULAR, ball_1_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 110.0); /x 000000 */

make_ball_1(); /¥ 0000000000000 =/
/* 0O0ogo *x/

glMaterialfv(GL_FRONT, GL_DIFFUSE, ball_2_diffuse);

glMaterialfv(GL_FRONT, GL_AMBIENT, ball_2_amnient);

glMaterialfv(GL_FRONT, GL_SPECULAR, ball_2_specular);

make_ball_2();

OD00O0O0OO0D0DOGL_SHININESSOODDODODODODODOO0O0O0O0®¥ 000000000000 0.000 128.0000
goooopoooUoOoUopoOooOoUOUOoooooUUOUoooooOogoooDooOoooDo

oboooboobooobobooobobooo

goooboboobob

2,14 0O00O0OOOOODOO

gboooobooboobooooboooon

18000000 glMaterialfv() 0 0000 glMaterialf() 00 000 000000000000000000000000000000000
0000000000000000000000000 (000 110.0)00000000
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() DOOODODOUDODUOODOOOOO (oOoDOODOOO)x(R,G,B)
(b) DODODOODODUOODOOCOODOODOOOO
() DODOOOODUOOOOODOOOOOOOOO

0000000000000 00 OpenGLOODUOUDODODODOOODODUOODOOOOOOODODOODOOOODOOODO
000000000000 00000000LO00O0OU0O0OLO (bUoDoOLoOo)oUooDo

(1) 000000000000 ()-(ed)OOOORGBUUOOOO

(2) D0OD0O0OO0D0ODUOOOOOOOOOORGBOUOOOOO

goooobooboobooobooboooboobooboobbobDbobobo0obooboobbOooD
0000000000000 00O00000000U0 (CODUD0OLOUO0O0OO0DDOO0ODOUOODOODOODOOOOO)
000000000000 00 (DOoDOU0O0LD)0000000O0DO0D0DO0O0DO0OOOOODODOODOOD

2,15 0O0O0OOOOODO

gbooobooboooboboobobooboboobobooboobooboooboobooboboboboooboona
OpenGLOOOOOOO CGUUOUOOOUODOOOOODOODODODODOODOOOODOOOOODODODOOOOOOOO
0000000000000 000000000000000000000000O OpenGLOOOOOOOOO
000000 “0000”0000oooo00o0o00U0U0o0ooooo0ooOU0UUoDooooDooOUooooooOon
0000000000000 00000000000 (D000000)0000000000000000000
gooooboobooboooboobooboobboboboobooboobDboobDbo0booboobbDOoLoD
0000000000000 00000000000000000000000000000000 AVSOOOO
0000000000000 CGOo OpenGLOUOOOOOOODOOUOOODDOOOUOO X WindowOO0OGOGOGO
gooooo

02l100000000CO000OOOoO0000oOoOoOoU00OoOOoOoOUOoDOoOoD0OUODOoOOOoOoDoOOO
gobobbhaxOODO0OO0OO0OO0O0D0ODOOOODDOOOOODODOOODDO0 awxOoooobOOOoooooon
gooobooboobooboooboboooboboobobooboboobobboboboobobo

2,16 auxUoooooboOooooboOoOoO

axxJO000D0O000000D00000D0 (auxInitDisplay ode D)0 00O (auxInitWindow) 000000
0000000 U0Uooooo0oU0UU0D00ooO0Oo00U0U000DOO0OOUO0O OpenGLOOOOOOODOO
gooooboobooboooboobooboboobooboboobooboobDbooboboobooboobnbOoLD o
0000000000000 000000000000000000000000000000000000 aux
gobooboobobooboboooboboobobobobooo

auxWireSphere (GLdouble radius);
auxSolidSphere(GLdouble radius);

goobboobbooobboobobboooobbooobboobboOwiredoboooooObOOOOoOOO
gboboobboboobboobodgbselidbgbboobboobooboobboobooboooboobboon
gbobooboboboobobobobobboboobobobobobobobUobwiredOSelid0bOOOOO

oopooooooDO0OOoOO0
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ooo
auxWireCube (GLdouble size);
auxSolidCube (GLdouble size);

ooo
auxWireBox (GLdouble width, GLdouble height, GLdouble depth);
auxSolidBox (GLdouble width, GLdouble height, GLdouble depth);

good

auxWireTorus (GLdouble minorRadius, GLdouble majorRadius);

auxSolidTorus (GLdouble minorRadius, GLdouble majorRadius);

oo
auxWireCylinder (GLdouble radius, GLdouble height);
auxSolidCylinder (GLdouble radius, GLdouble height);

o0
auxWireCone (GLdouble radius);
auxSolidCone (GLdouble radius);

oooo
auxWireTetrahedron(GLdouble radius);
auxSolidTetrahedron(GLdouble radius);

oooo
auxWireOctahedron(GLdouble radius);
auxSolidOctahedron(GLdouble radius);

googo

auxWireDodecahedron(GLdouble radius);

auxSolidDodecahedron(GLdouble radius);

googo

auxWireIcosahedron(GLdouble radius);

auxSolidIcosahedron(GLdouble radius);
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gooooo
auxWireTeapot (GLdouble size);
auxSolidTeapot (GLdouble size);

gooboobooboboobooboobooboobobooobooboobboobbooboobooboboooon
0000000000 000O0OD0OO00"auwx.h"Oinclude0000000O0O0OOOO

217 glulibrary0O00O0O0O0O0O00O0OOO

gbooboooboobibob axgboooboobobbOOo0bOOo0ODbOODDbOObLDbOOobODbOOn
000 awxxO00O0ODOODOOUOODOOOOOOOOD “0000” (DODOLOODOUOOLOODOOOO)ODODOOOO
gooobobooboooooooooooboobbbooooooooobbooooooooobbbbooooobobDbo
gh00O0OO0OOOUOUOOODOO0OO0OO0glwOOUOOOOOOO0DO0OO0OO0ODOOOOUOO0OODOODOODODOOOOOOOO
goooboobobooboboobobooobo

gh0OOOODOOOO0OO0O0O0O0O0O000O00OO0O0OOOOO00OO0O

GLUquadricObj* gluNewQuadric(void);

0000000000000 00000000 “Quadric’ 0000000 glu library0O0O0O0OO0OO0O0OO0OOO 2
gbooobobooboboobob

a1x2 + a2y2 + a322 + aqzy + asyz + agzx + arx + agy + agz + a0 =0

giDOODOUDOUDUO0 (D000 ;00 ap)000000000000O0OOOODOOOgluNeqQuadricO
gobooboobobooobooboobooboobbooboobooboobbobobobboobooboooboo
goo

glu OO QOO
void gluSphere(GLUquadricObj *qobj, GLdouble radius,
GLinit slices, GLint stacks);

gbboobobboobobbobObDgluNewQuadricUOOO0O0OO0O0OOO0O0OO0DOOO0OODOOOOODOOOODOO
0000000000000 00000000O0ODO00D00U0UOUOOOslicesdO0OOOOOODODO stacksO O
gooobobobobooobo

glu ODODOOO
void gluCylinder (GLUquadricObj *qobj, GLdouble baseRadius,
GLdouble topRadius, GLdouble height,
GLinit slices, GLint stacks);

glu OODOOO
void gluDisk(GLUquadricObj *qobj, GLdouble innerRadius,
GLdouble outerRadius, GLinit slices, GLint stacks);
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0000000000000 00000U00U000U0DLODUUUOOOOOO OpenGL Programming Gluid, Sec-
ond Edition [4], p.431 00 000000000000 OgluSphere 000000000000 DODOODOO (Xball.c;
p.72)0000000

2,18 O0OOODOO

00000000000000000000000000 (viewing) 000000000000 0O0OOOODO
gooooboooboboobooboobooboboobooboobDoobDboboboUboobDbobDboOoo
gooobooboobooboooboboooboboboboobobobobobooDbobooo

e JOUOODLODL O0ODODOO
e JOUODODOODOL ODLhODOODO
e JOUODODOODLODLO DbUODO

e JOUI0ODODOODODLDOODL OLOODbODODOODO

00000000000 0U0ooo0oo0oooOoOo0O CcGUOoODOOOOOODUUODUOOO CGUUUOUOOOUOOO
goobooboobobooobob

00000000000000000000000000000000000000000000 CcGUoooo
oooodo0ooooooooU0UoOooooOOO0OoU0U00D0DOOOO0U00OUU0U0O0 “C0”00U0OOooODOOO
UbzwdoooobOO0obOo0bOobObOO0ObO0obO0bOOo0b0obbO0bOobLD zO00000DODOODOODOODO
gooooboobooooboobooboobooboobDbooboob bbb oLDbobobOooo
000000000000000000000000000000000000000 (CODO00O0OOOO0)o00
goooboobooboobobobooboobbooboobob zwobooboobobOoboobLOooo
0000000000000 “00”’0000U0U0U0oO0o00ooOOoOUU0D0D00D0OOOOOoUOooOoOooDooOOn
0000000000000 00 z00000000000000000000 OpenGLOOOOOOOOOOO
0000000 (b0¢t=0000000000)00t0000O0z =wt000D000O0ODOODOOOODOODO
O (glVertex3f 0 OO0 UODOODOOOOOODODODOOOOOOUODOOUOLDOOUOOUOOLOODODODO
gobboodobe000v»woobbooobbooobbbbooobboobbbooobbooobooooobo
gooooboobooboobbooboboobbobbooboobooboboobbobbooboobooooD
goboooboooboobobobooboobbobobooboboboobboobbo0obooboobbDOooD
0000 40000000000)000000000007’000000000000000000000O0O00O0
gooooo

oooobooboooboooobobooo

gbooobooboobooboooboobo

00000000 OpenGLODOODOODODOODODODOODOOOODOOOOOOODOO (z,9,2,w)000000
goooobooobobooboobobooboobboobooboobbobboobooboobbobDbooLoo
gooooboobooboobooboobbooboobooobobobobboobbobbOooboobooooD
00000000000000000000000000000000000000O0O0?Doo00000000n
gobooboobobobooboobboobobooboboboobbobbooboooboobOooboooon
gboobobooboboobobooboboobob
goooboobooboboobobooboboobobooobobooobobD0oobobooobOobooo

goooooog
good
gooon
gboooooobod

sw NN e

20Q0poDOoD000000D0wO0O0000D



21900000000

00000 (00000000)000 (0000)0D0000000000000000000000000000
0000000000000 ooooooooo OpenGLODOOOOUOOOOODODOOOOOOOOOODO
gooooboobooooooboooboboobooboooboobDoobLDboboboUboobooboooo
gooooboooboooobobooboobboboboobooboob oo bo0obooboobboOoLD
gobooobooobobooooobooboobboobooboobDbobDbooboobD0ooboDbobboOooD
goobobobbobooboboooboboobobboboobobobbo

0000000000000000000000000000000000000000000 v(x,y,z,w) 00
oooooooouo Moooooooog

v = Mv

00200000 POOODOODOOO
v = Pv' = PMv

0000000ooooo«(z,y,2,2)0000000000000000000000D0O0O0OOOOOOOOO
0000000000000000000000000000000000 CGoooooooo?'o
goobooobobooobbooobbooobooobbooobobobDboobboobLDbbooobboooo
goooobooobobooboobooobbooboboobooboooboobooboobobobDbobbOooo
0000000000000 000O0 (»,y,2) 00000000000000O0

O O O
O O = O
o = O O
— N e 8

gboboobozobO0oO0OOODO oD O0obODbO0ODbO
cosp —singp

0 0

0
singp cosp O
1
0 0 0

_= o O O

ooooboooooooooooooooooooboOoOooboOooOooOobbOOoOoDOOOOoDObObOOoODbOOODbOO
0000000000000 C0O000000D0O0OO0OOO000000gluPerspective(f,aspect,zNear,zFarr) O
oboooooboooooooooon

cot 2
L 0 0 0
0 cot (f/2) 0 0
0 O zFar+zNear 2«zFarxzNear
zNear—zFar zNear—zFar
0 0 -1 0

goooboobooobooo

2,19 OOO0ODOOOOO

gooobooooboboobboobboobbooboobboobboobboobD OO xy4oobooo
000000 “FrU0000000000U0 FO “O’000000x=20000000000

2lgoo OpenGLOU0OD0OD0OODODOOODOOOUOOUODOUDODODDODDODODODODOOOOOO
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0000000000000 (x=0)J000000C0UDOO0FOOODOOOOOOOOOUOOOODOOOODOO
OF0O “0”’000000000000000D00DU0ODOOdrawF)O000O0OOOODOOODO

drawF(): OO0 (‘0°)000 x=0, y=0 OO0OO0OOFOODOOOO

drawF() 000000000000 Ox=20000000 FOOOOOOODOODODOLOOODOOODOODODOODOOO
goooooboobooboooobooooboobbooobobboboboobboobbobOb0ooboobbOooo
gooooboobooboooboobooobooboooooobooboob oo bOoobLboLo
goooobooboooooobooboooboboobooboobDOooboobbo0booboobDbUooo
000000000000000000000000000000000000 (1)00000000000000
0 (0000000000000 000DLO0O00000DO0O00O0O0O0OO0DDO0OO0OUOODDOODOODOO
gooooobooooooobbooooooooboobobbbboooooooooobbbbbbooooooaonn
OpenGLODO (1)000000OODOO0ODOOUOD (2)D00000OD0OOOODOOLOOOLDODOODOOOO
gobooboboboobobobooboboboboobbobooboo

gooooooo

gboooboboobobbooboboao
gboobobooboboobobobooboobbo
gboooboboobobooboboobobbokrboobg
gboooboobooobon
gboooboooboobooboboooboobooobo k"ubooo
gboooboboooboobobooooboon
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gobooboobobooobobooobooo

glTranslatef (GLfloat x, GLfloat y, GLfloat z)

0000000 glTranslatef(20.0,0.0,0.0)000000000000000 KOOOOOOODODOOOOO xOO
0200000000000000 K ODOOOOO

goooogon

glRotatef (GLfloat angle, GLfloat axis_y, GLfloat axis_y, GLfloat axis_z)

0000000000000000000000000000000000 glRotatef(30.0, 0.0, 0.0, 1.0)0 zO O
goooooooo3oUopooUooooUoodooUUooOoUooUODOoUOoOUDOoUDDOODO xyOO

oooooOO0o0o0o0oO0ooooooooOoOO0O0O0oOoO0oOoooooooOoo0O000 =30.000000 360—30=330.0
gooooo

Koo (KOoooo)o 2000000 490°00oooo

y XII
| I
| I
y=0 +-—---x

x=0

000000000000 KOoooooooo
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00000000000 00ooo00oooDox=20000000 FOOOOODODOODOOOOODODOOOO
0000000000 ()K'OOO0o0DOo0D000 (2)K'00y’00000000FOOOOO0OOOO0OOO0DOOO
000000 KOODODOooOoOo drawF() DO0D0OO0O0DOO0OOOOOOOOO

1. J000bdxgoo20000000000000 KO
2. 000000 zOOODO+90000O0OO0OOOOOO K"OD
3. 0oonooook"ooooooooooobo  rFrOOD

O00ooO OpenGLOOOOOOOO

glPushMatrix();
glTranslatef (20.0, 0.0, 0.0);
glRotatef(90.0, 0.0, 0.0, 1.0);
drawF () ;

glPopMatrix();

UO00000glPushMatrix O glPopMatrix U0 O0OO00O0OO0O0D0OOO0O00DOODOOODOO

goboobobobobooboboboboboobobooo

ooo0o0oO0oo0o (oooo)yUooooooooooooooo

Oooooo?2g

2,20 OOOO

gbbooobooooboobooooboboooobboobboobbobbboobbooobbobobboon
0000000000000 L0000O00000O0O0D0O000000 (DO0O0OU00ODO0O0OOO)0bO0O0ODODOO
gooooo

CompleXcope 0000000000 DOO0O0O0O0O0O0O0O0O0O0OO0OOOO0OOOOOOOOOOO CompleX-
copel0O00OOOOOO0ODODODDODOOOODOOODUOOUDODDUOOUODLDDUOUDODDODOUODDDOOO
0200000 CompleXcope 000D DO000DODDOO0O0DDDO CAVE library0DDD0O0OO000D0OO0OO0O
000000000000 0000000000000000%*0

googo

void gluOrtho(GLdouble left, GLdouble right,
GLdouble top, GLdouble bottom,
GLdouble near, GLdouble far);

2200000000000 0000000000000000000000000000000000
20000000 CompleXcope D0 00O D0OO0DOOO0ODODOOODOOOODOOODOOO
20poo00000000000000000000000000000000000000000000
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gobooobooboobooboooboboobooboobDoobboob0 z00bb0obDbobobOobbOooD
U —z0000000000
goooogo

void gluPerspective(GLdouble fovy, GLdouble aspect,
GLdouble zNear, GLdouble zFar);

0000000000%0000000000000 (0,0,00000 —20000000000000 fovydOO
0000000000000 0000U000U0DUObOUODUODO fovy/20000 fovy/200000000
0000000 (0<fovy <180.0)000000 aspect 0000 /OOO0DOOUODODOOODOOOOOO
000 (0,0,00000000000000000000D00O00O0OOOOOODOOOOOOOOOOOOOOOOO
00000ooooo (0,0,0)0000000000000000D0O0ODO0OD0OO0NOOO0ODODO0OOOOO
00000 D000000000 000000000 (0D000000)0D00000000000O000000
gooobooboobooboooboboooboobooboobobobobobobobobooo

gluPerspective O fovy O aspect 00 0000000000000 000000O0OO0OOODOO zFar000O
000000000000 oOU0U0U0oooooOL000UU0DODooDoOoOOOobDU0Ud ZFarc00oooooO
gooooobboooooooooobobobbbbbobooobbbooooooobboooooDbobobDbo
0000000000000 0ooDoDo0oooOO0O0OO0LOUOUUUd ZzFar0zNear 00000 O0O0OoOoOOOO
00000000000 (000)0000000000000000000000000000000000000
o0o00o0o0o00000000 zFar 000000000000 OO0DOOOOOOOOOOOOO “00”00000
000000 zNear O zFar 0000000000000 000000O0OO00OOO0ODO0OOOO0ODOOO0ODOO
gooooo

2,21 0O00OOOOODOCOOODOOOObDOO

000000000 CompleXcope DO 000D D0OOODODDOOOOOODOODOOOO CAVE library 00O
0000000000 X WindowO OpenGLO CGUUUOOUOOOOODOOUOOOOODDOOUOOOOODOOODO
goboobooboobooboobobooboobooboooboboboboooboobboobOooboooon
O OpenGLOOOODOOOOOODODOO OpenGLOOUOODOOOOOOOOOOOOOOOOOOOOOOOO

- gluPerspective U 0O UOOOO0OOO0O0OOO
- 0ot zOOoOooODOO -—zOOOOOOOOOOOOOOO

- bobooboboobobooboboobobooboboob
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Oaux library 000 0000000000000 0O0O0OO0OO WindowOOOOOOOOOOOOOQOOOQOOOO
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2.22 DO0O0O0OUOOOOO(COOODO)

000000000000000000000 000 -50000000000000000000
auxWireTeapot 00 (p.31) 000000000000 O0OOOOODOOOOLDODOUOLDODOOODODODOOO
oooo (0,00) —O0OUOODODODOODOOD — OO0 —0005000000000000000O0DOODOOO
OpenGLOOOO0OO0OUOOUOO —z00000000000000ODO00O0OOUCOOOOOOOOOOOODOOOO
00000gluPerspective 00000000 zNearO zFar0 OO OO 3.00 100000000000

[ wire_teapot.c ]

/*
*  wire_teapot.c
\*
An OpenGL sample program.
- A wire teapot by the aux library.
- No lighting.
- Perspective view by the glu library.
- No animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

void display (void) {
glClear (GL_COLOR_BUFFER_BIT);
glColor3f (1.0, 1.0, 1.0);
glPushMatrix () ;
glTranslatef (0.0, 0.0, -5.0);
auxWireTeapot(1.0); / 000000000 0ooooa */
glPopMatrix() ;
glFlush(Q);

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;
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glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity O ;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW) ;

glLoadIdentity () ;

int main(int argc, char*x argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]);
auxReshapeFunc (reshape) ;

auxMainLoop(display) ;

\ end of wire_teapot.c /

2.23 aux library 00000000000

00000000000 wireteapot.c 0000000000000 ODO auxlibrary OOOO0OOO0OOOO
gooooo

O0main000000CO00O0O0ODOQCOauxInitDisplayMode 00O OOOOOOOOODOOOOOOODOOO
goooobooboooooobooboobboboboobooboobboobobooboobobobboon
gooobooboboobobooobob

0000000000 (Coooooooooooooog)

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);

ooo0opoo0o0o0o (oooooceccUUuOUuoo)o [OOO 1]

auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);

0000000 (0000000 000000000nooooona

000000000 (MoUoUoooccUUooo)yo [ ooooooo ]

auxInitDisplayMode (AUX_DOUBLE | AUX_RGB | AUX_DEPTH);

O0auxInitPositionJ O 0OUODOOOOOOOD0O0OO00O0OO00auxInitWindow DO OOOOODOOOOOO
goooboooboboooboboobooboo

2’0po0000000000 (02.290)0000000000
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auxInitPosition(GLint x, GLint y, GLsize width, GLsize height)

000 (2,y)00000000000000000 (00000D0)0 (width,heighty 0000000000 (00
000000000000)000
00000000000000000000000

auxInitWindow(GLbyte *titlestring)

goboboboboobooboboboobooboboon
gooboobbooobooobbooboboooob0ooobLboob0bboobboobDbooobbooo
goooboboooobo

auxReshapeFunc(void (*function) (GLsizei, GLsizei))

auxReshapeFuc 000000 function 000000000 function 0000000000000 O0OOOOOO
ggoobobbooobobobboouobobboooa
gooooo

auxMainLoop(void (*displayFunc) (void))

00000000000000000000 (000000)0000000000000 displayFunc 00000
guo

2.24 DO00D0OUOOOOO(OOODO)

gboooboobooboboobobooboboooboboobooboobooboooobooboono

torus.c
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/*
* torus.c
\*
An OpenGL sample program.
- A torus by the aux library.
- With the lighting.
- Perspective view by the glu library.
- No animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

void initial(void) {
GLfloat light_diffusel[]
GLfloat light_ambient[]
GLfloat light_specular[] {1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] {1.0, 1.0, 1.0, 0.0 };
gllLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllLightfv(GL_LIGHTO, GL_POSITION, light_position);

{1.0, 1.0, 1.0, 1.0 };
{0.5, 0.5, 0.5, 1.0 };

glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO);
glDepthFunc (GL_LESS) ;
glEnable (GL_DEPTH_TEST) ;

void display (void) {
GLfloat mat_diffusel] {1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] {0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular[] = { 0.9, 0.9, 0.9, 1.0 };

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );

glMaterialfv (GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv (GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular) ;
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix () ;
glTranslatef (0.0, 0.0, -5.0);
auxSolidTorus(0.2,1.0);
glPopMatrix();

glFlush();

void reshape(int width, int height) {

/ 0000 =/
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GLdouble ang
GLdouble near
GLdouble far

60.0;
3.0;
10.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity Q;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW) ;

glloadIdentity O ;

int main(int argc, char **argv) {

auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);

auxInitWindow (argv([0]);

initial(Q);

auxReshapeFunc (reshape);

auxMainLoop(display) ;

\ end of torus.c /

00000 000b0b00000b0000glTranslate0 000000000000 0DO0OOOODOODOAO

0000000000o0ooo (2,1,-900000000000000000000000000000000O0
goboobooboboooboboobon

/*

\ *

*/

( torus2.c )

torus2.c

An OpenGL sample program.
- Two tori (see torus.c).

- No animation.
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#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

void initial(void) {
GLfloat light_diffusel[]
GLfloat light_ambient[]
GLfloat light_specular[
GLfloat light_position[
glLightfv(GL_LIGHTO, GL
glLightfv(GL_LIGHTO, GL
glLightfv(GL_LIGHTO, GL
glLightfv(GL_LIGHTO, GL

glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO);
glDepthFunc (GL_LESS) ;
glEnable (GL_DEPTH_TEST)

void display (void) {
GLfloat mat_diffuse[]
GLfloat mat_ambient[]
GLfloat mat_specular[]

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT

glMaterialfv(GL_FRONT,
glMaterialfv(GL_FRONT,
glMaterialfv(GL_FRONT,
glMaterialf (GL_FRONT,

glPushMatrix () ;
glTranslatef (0.0,
auxSolidTorus(0.2,1
glTranslatef (2.0,
auxSolidTorus(0.2,1

glPopMatrix () ;

glFlush();

void reshape(int width, int
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

{1.0, 1.0, 1.0, 1.0 };
{0.5, 0.5, 0.5, 1.0 };
1 {1.0, 1.0, 1.0, 1.0 };
] =4{1.0, 1.0, 1.0, 0.0 };
_AMBIENT, 1light_ambient);
_SPECULAR, light_specular);
_DIFFUSE, light_diffuse);
_POSITION, light_position);

b

{1.0, 1.0, 1.0, 1.0 };
{0.1, 0.1, 0.1, 1.0 };
={0.9, 0.9, 0.9, 1.0 };

GL_DIFFUSE, mat_diffuse);
GL_AMBIENT, mat_ambient);
GL_SPECULAR, mat_specular);
GL_SHININESS, 64.0);

0.0, -5.0);
.0);
1.0, -4.0);
.0);
height) {

glViewport (0, O, width, height);
glMatrixMode (GL_PROJECTION);

glloadIdentity ();
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gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);
glloadIdentity O ;

int main(int argc, char **argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv([0]);
initial();
auxReshapeFunc (reshape) ;

auxMainLoop(display) ;

\ end of torus2.c /

2.25 0DO0O0OOOOOOO(QOOO)

00 (00000000D0)00000glRotate0 00000

( torus_rotated.c )

torus.c U 0Odisplay 0000 UOglPushMatrix 0 O glPopMatrix O 0000000000 O0DOOO

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
glRotatef (-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix() ;

U0 OglTranslatef 0 glRotatef D00 UO0O0O00O0O0O00O0O0O0O00O0O0O0O0DOO0DOODOOOODOOOO
gooooo

(00DD000)x(00D0D000)#(000000)x(000000)

gooooo
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2.26 0D00D0O0DO0OODOO(ODODOODOOOOD)

gbooobooboobobooobobooboboobobooboobo

([ torus2 rotated.c )

torus.cJ0display U0 00O 0OglPushMatrix 0 OglPopMatrix 0000000000 0OO00OOO

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
glRotatef (-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glTranslatef (0.0, 4.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix () ;

gobooboobobooboboobob
1.00(00)0000 —z 0000000
2.0000000000DOO zODOQCO -6OOO0ODOCOOOOO
. 000000U0OooooooUoOoooooooa
4. 0000000 yODOD 4000000
5. 0000000000 DODDOO00OODDODOOOOOOO

gooooo

227 O0OOOOOO

00 OpenGLOOOO0OOOODOOOO(DODOODOL)00DOOULOUDODODOOODODOD
0000000000000 000000000000O00000D000D0D0O0OUO0OOglPushMatrix O glPopMatix()
gooobobooobobboobobboobobboobon
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00000000000000000002000000000000000000000000000000
O current matrix 00000000 current matrix 00 0000000000000 0O000O0OO glPush atrix
00000000000 pushOOOOOOOO current matrix 000 0000000000000 0OOOOOO
O0000OpushOOOODOODOOUOOOO0ODOOOOUOOOODOOO current matrix 0000000000000
0000000000000 00000000000 glPop atrix0000000 pop0000O00OOOOOOO
0000000000000 0000O00DC00D0OO0OUOon current matrix 000000 OOOOCOOOCOO
glPush atrix 000000 current matrix 1000000000000 0000OODOOOOOOOOOOOOO
gobobooboooboobooboobobooboobooboboboboboboboobbobbooboobooboD
g

0000000 OpenGLOOODOOOOOOOOOOOOOOOOOOODOOOOODOOOOOOOOOOO
0000000000000 00O00000000DLD0O00000000OD (ODUODOUOLDOLOOLOODODOO
0000)000 glPush atrixO glPop atrix 00 0000000000000 0OOOO0OOOOOODOOODOO
000 OpenGLOOOOOOOOO glPush atrixO glPop atrix 000 0000000000000 0OOOO0O
000000 “000000000”0000 OpenGLOOOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000 0000000000O glPush atrixO glPop atrixO000000000000O0OO
goboooboobobooooobooboobobooooobooboobDbooLoboobUooboobboL o
gooooboooboooobooboobooboobobooboobDoooboobo0oboobDbobbOoOD
0000000000®0000000000000000000000 pushO pop0 000000000000
gbooobobooboboobob

000000000000 0000000000 torus2rotated.c 0000000000 OODOOOOOOOO
gboobobooboboobo

( torus2_rotated2.c ]

torus.c U Odisplay 0 U0 0O OglPushMatrix U 0O glPopMatrix U0 OO O0OO0OOO0OOODOODOO

glTranslatef (0.0, 0.0, -5.0);
glPushMatrix();
glRotatef (-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix() ;
glPushMatrix () ;
glTranslatef (0.0, 1.0, 0.0);

2Npo000000000 UNIXOODOOO0OO00000000
2Npoo0o00000O00ooooon glMatrixMode D000 OO
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auxSolidTorus(0.2,1.0);
glPopMatrix();

2.28 00OU0O0OUOOOOO(OUODODOODOO)

gboooboooobobooobboobbooobbooobobooobboobbboobbbooobboon
0000000000000 O0OO0OU0O00OU00O0OLOULUOLOOO pushd popO0OOD0OO0OOOOOODDDODOO
gooobobobobooboboooboboobobboboobobobbo

/%
* link.c
\ *
An OpenGL sample program.
- Three linked tori (with a ball).
- No animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

void initial(void) {
GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[] {1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] {1.0, 1.0, 1.0, 0.0 };
glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

{1.0, 1.0, 1.0, 1.0 };
{0.5, 0.5, 0.5, 1.0 };

glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO) ;
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glDepthFunc (GL_LESS) ;
glEnable (GL_DEPTH_TEST) ;

void set_mat_color(GLfloat *diffuse, GLfloat *ambient, GLfloat *specular) {
glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, specular);

void display (void) {
GLfloat diffuseO[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat ambientO[] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat specularO[] = { 0.9, 0.9, 0.9, 1.0 };
GLfloat diffusei[] = { 1.0, 1.0, 0.0, 1.0 };
GLfloat ambienti[] = { 0.1, 0.1, 0.0, 1.0 };
GLfloat speculari[] = { 0.9, 0.9, 0.0, 1.0 };
GLfloat diffuse2[] = { 1.0, 0.0, 1.0, 1.0 };
GLfloat ambient2[] = { 0.1, 0.0, 0.1, 1.0 };
GLfloat specular2[] = { 0.9, 0.0, 0.9, 1.0 };
GLfloat diffuse3[] = { 0.0, 1.0, 1.0, 1.0 };
GLfloat ambient3[] = { 0.0, 0.1, 0.1, 1.0 };
GLfloat specular3[] = { 0.0, 0.9, 0.9, 1.0 };

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glTranslatef (0.0, 0.0, -5.0);
glRotatef (-70.0, 1.0, 0.0, 0.0);
glPushMatrix () ;
set_mat_color(diffuse(, ambient0O, specular0);
auxSolidTorus(0.2,1.0);
glPushMatrix () ;
glTranslatef (1.0, 0.0, 0.0);
glRotatef (90.0, 1.0, 0.0, 0.0);
set_mat_color(diffusel, ambientl, specularl);
auxSolidTorus(0.15,0.5);
glPushMatrix () ;
glRotatef(30.0, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);
glRotatef (-50.0, 0.0, 1.0, 0.0);
glTranslatef (0.2, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3d);
auxSolidSphere(0.05) ;
glPopMatrix();
glPopMatrix () ;
glPushMatrix () ;
glRotatef (120.0, 0.0, 0.0, 1.0);
glTranslatef (1.0, 0.0, 0.0);
glRotatef (90.0, 1.0, 0.0, 0.0);

set_mat_color(diffuse2, ambient2, specular2);
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auxSolidTorus(0.15,0.5);

glPopMatrix () ;

glPushMatrix () ;
glRotatef (240.0, 0.0, 0.0, 1.0);
glTranslatef (1.0, 0.0, 0.0);
glRotatef (90.0, 1.0, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3d);
auxSolidTorus(0.15,0.5);

glPopMatrix();

glPopMatrix () ;

glFlush();

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glLoadIdentity Q) ;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glLoadIdentity Q) ;

int main(int argc, char **argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv([0]);
initial(Q);
auxReshapeFunc (reshape);

auxMainLoop(display) ;

\ end of link.c /

2,29 0JO0ODODOO
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1. main 000 auxInitDisplayMode() O AUX_DOUBLE U0 OO0O

2. main 000 auxIdleFunc() O0OOO0O

3. auxIdleFunc() 00000000 OOO auxMainLoop() OO DO OO
gobooooobon

4. glFlush() 00000 glXSwapBuffers() 000000

00000000000000000000 glXSwapBuffers 0000000000000 0000 gXOOOOO
0000000 glXSwapBuffers 000000 glFlush 00000000 glFlush O glXSwapBuffers 000000
ggoobobobooooo

goooboboooooobobooooooood

gbooobodobooboboobobooboboobooboobobooboooboobooobobo

[ swing_torus.c J

/*
*  swing_torus.c
\*
An OpenGL sample program.
- Animation.
- A rotating torus (see torus.c).
*/

#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"
static GLdouble spin=0.0;

void initial(void) {
GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[] {1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] {1.0, 1.0, 1.0, 0.0 };
glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);

{1.0, 1.0, 1.0, 1.0 };
{0.5, 0.5, 0.5, 1.0 };
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glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO) ;
glEnable (GL_DEPTH_TEST) ;

void display (void) {
GLfloat mat_diffusel[] {1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular[] = { 0.9, 0.9, 0.9, 1.0 };

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix () ;
glTranslatef (0.0, 0.0, -5.0);
glRotatef (spin, 1.0, 0.0, 0.0);
glRotatef (spin, 0.0, 1.0, 1.0);
auxSolidTorus(0.2,1.0);
glPopMatrix();

glXSwapBuffers (auxXDisplay (), auxXWindow());

void rotation(void) {
spin += 1.5;
if (spin > 360.0) spin -= 360.0;
display();

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity Q;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near,
glMatrixMode (GL_MODELVIEW);

glLoadIdentity Q) ;

int main(int argc, char **argv) {
auxInitDisplayMode (AUX_DOUBLE | AUX_RGBA | AUX_DEPTH);

far);
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auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]);
initial();

auxReshapeFunc (reshape) ;
auxIdleFunc(display) ;

auxMainLoop(rotation) ;

\ end of swing_torus.c /

230 OOODOOOO

goooboobooobobooobobooobuoobooboooon

00000000 linke0D000000O0O0O0O0OO (0D0)0D00 (00)0D000DO00DOOOOOOOOOO
gooobooboobobobooboobooboboboboboboobooo

( link anime.c )

/%
* link_anmime.c
\ *
An OpenGL sample program.
- Animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

static GLdouble toroidal_spin = 0.0;

static GLdouble balll_spin = 0.0;
static GLdouble ball2_spin = 0.0;
static GLdouble ball3_spin = 0.0;

void initial(void) {
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GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[] {1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] {1.0, 1.0, 1.0, 0.0 };
gllLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
gllightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
gllightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllightfv(GL_LIGHTO, GL_POSITION, light_position);

{1.0, 1.0, 1.0, 1.0 };
{0.5, 0.5, 0.5, 1.0 };

glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO) ;
glDepthFunc (GL_LESS) ;
glEnable (GL_DEPTH_TEST) ;

void set_mat_color(GLfloat *diffuse, GLfloat *ambient, GLfloat *specular) {
glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, specular);

void display (void) {
GLfloat diffuseO[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat ambientO[] {0.1, 0.1, 0.1, 1.0 };
GLfloat specularO[] = { 0.9, 0.9, 0.9, 1.0 };
GLfloat diffusei[] = { 1.0, 1.0, 0.0, 1.0 };
GLfloat ambienti[] = { 0.1, 0.1, 0.0, 1.0 };
GLfloat speculari[] = { 0.9, 0.9, 0.0, 1.0 };
GLfloat diffuse2[] = { 1.0, 0.0, 1.0, 1.0 };
GLfloat ambient2[] = { 0.1, 0.0, 0.1, 1.0 };
GLfloat specular2[] = { 0.9, 0.0, 0.9, 1.0 };
GLfloat diffuse3[] = { 0.0, 1.0, 1.0, 1.0 };
GLfloat ambient3[] = { 0.0, 0.1, 0.1, 1.0 };
GLfloat specular3[] = { 0.0, 0.9, 0.9, 1.0 };

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix () ;
glTranslatef (0.0, 0.0, -5.0);
glRotatef (-70.0, 1.0, 0.0, 0.0);
glRotatef (toroidal_spin, 0.0, 0.0, 1.0);
glPushMatrix();
set_mat_color(diffuse0, ambientO, specularO);
auxSolidTorus(0.2,1.0);
glPushMatrix () ;
glTranslatef (1.0, 0.0, 0.0);
glRotatef(90.0, 1.0, 0.0, 0.0);
set_mat_color(diffusel, ambientl, specularl);
auxSolidTorus(0.15,0.5);
glPushMatrix();
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glRotatef (balll_spin, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);
glRotatef (balll_spin*5, 0.0, 1.0, 0.0);
glTranslatef(0.18, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3d);
auxSolidSphere (0.05);

glPopMatrix();

glPopMatrix();
glPushMatrix();

glRotatef (120.0, 0.0, 0.0, 1.0);

glTranslatef (1.0, 0.0, 0.0);

glRotatef(90.0, 1.0, 0.0, 0.0);

set_mat_color(diffuse2, ambient2, specular2);

auxSolidTorus(0.15,0.5);

glPushMatrix();
glRotatef (ball2_spin, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);
glRotatef (ball2_spin*5, 0.0, 1.0, 0.0);
glTranslatef(0.18, 0.0, 0.0);
set_mat_color(diffusel, ambientl, specularl);
auxSolidSphere(0.05);

glPopMatrix () ;

glPopMatrix() ;
glPushMatrix();

glRotatef (240.0, 0.0, 0.0, 1.0);

glTranslatef (1.0, 0.0, 0.0);

glRotatef(90.0, 1.0, 0.0, 0.0);

set_mat_color(diffuse3, ambient3, specular3d);

auxSolidTorus(0.15,0.5);

glPushMatrix() ;
glRotatef (ball3_spin, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);
glRotatef (ball3_spin*5, 0.0, 1.0, 0.0);
glTranslatef(0.30, 0.0, 0.0);
set_mat_color(diffuse2, ambient2, specular2);
auxSolidCube(0.20);

glPopMatrix () ;

glPopMatrix() ;
glPopMatrix () ;
glPopMatrix() ;

glXSwapBuffers (auxXDisplay (), auxXWindow());

void rotation(void) {

toroidal_spin += 1.0;
balll_spin += 8.0;
ball2_spin += 4.0;
ball3_spin += 1.0;
display();
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void reshape(int width, int height) {
GLdouble ang = 60.0;

3.0;

10.0;

GLdouble near
GLdouble far

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glLoadIdentity Q) ;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glloadIdentity Q;

int main(int argc, char **argv) {
auxInitDisplayMode (AUX_DOUBLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]);
initial();
auxReshapeFunc (reshape) ;
auxIdleFunc(display) ;

auxMainLoop(rotation) ;

\ end of link_anime.c /
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0000)0000 “00000”00000000000000O00000O0DO (glTranslatef00000O0O)
000000000 (gluPerspective 00000 )0 0000000000000 0O0O0OOOOOOOOOOOO
goooobooboobooobobooboobboboboobooboobboobboobooboobbOooo
goboooboobooboobbooboobooboobDboboboobbobobo0obooboobboOooo
gobooobooboobooobobooboobbooooobooboobboboboobooboobbOoLD
gobooboobooboooboobooboboobbobbobobooboboobboobobOoobooboooon
goboobooboobooboobboobooobooboobobobboobooboboobooboooon
000000000000 000000000000 CompleXcopeDOOOODOODOOODODOOODOOODOOOODO
goo

0000000000000 0O0O0O0O0LOO0OUU00O0 p.1500000U000OOODODODODOO simpled.cO
gboooboobooboobobbobooboboobobo

glBegin(GL_POINTS) ;
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);
}
glEnd();
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goboobooboboooboboobooboobobooobooboobboobbobboobooboobooboD
0000000 OpenGLOODODODODOOOOODODODODOOOOOODOOODODOOOOODDOOODOOOOOOOODO
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0000000000000 000000000glNewList OglEndList 00000000000 OpenGLO
gooooon

GLuint int list_no = 1;

glNewList(list_no, GL_COMPILE);

glEndList ) ;

goooboobobobooboboobobuoobobooboboobobooobo

glCallList(1);

gooboobooboobooboobobooboobooboobobooboob..bobboobooboobobboob
0000000000000 0O0Ob00O00O0DO0O0O00DO0O0 (1) DO00DDOD0D0O0OLUO0O0DDO0O0O0O0OOODOOOO
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goboobobobooboobobobobooboobobooboboobobooo
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circles.c

/*
* circles.c
\ *
An OpenGL sample program.
- No Lighting.
- Display List.
*/

#include <math.h>
#include <GL/gl.h>
#include <GL/glu.h>

#include "aux.h"

#define PI 3.14159265358979
#define TWOPI (2*PI)

GLuint listl = 1;

void initial(void) {
int 1i;
GLfloat x,y;

glNewList(listl, GL_COMPILE);
glColor3£f(1.0, 1.0, 0.0);
glTranslatef (1.5, 0.0, 0.0);
glBegin (GL_LINE_LOOP) ;
for (i=0; i<100; i++) {

x = 0.8*cos(TWOPI*i/100.0);
y = 0.8*sin(TWOPI*i/100);
glVertex3f(x,y,0.0);
}
glEnd () ;

glTranslatef(-1.5, 0.0, 0.0);

glRotatef(20.0, 0.0, 0.0, 1.0);

glTranslatef (0.0, 0.0, -1.0);
glEndList () ;

glShadeModel (GL_FLAT) ;

void display (void) {

int 1i;
glClear (GL_COLOR_BUFFER_BIT) ;
glTranslatef (0.0, 0.0, -5.0);
glPushMatrix () ;

for (i=0; i<200; i++)

glCallList(listl);

glPopMatrix();
glFlush();
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void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 1000.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity Q;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glloadIdentity O ;

int main(int argc, char** argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv([0]);
initial();
auxReshapeFunc (reshape) ;

auxMainLoop(display) ;

\ end of circles.c /
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GLuint glGenLists(1);
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GLuint glGenLists(n);
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00000000000000000000000000000000000000000000000 (0000
“texture.sample.256x256”) 00 000 0000000000000 0O0OO0O0DOOOOOOOOOOOOOOOOO
ggbobooooooooooboobbobbbooodoobD oo boobDoLoboDbo
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( texture.c )
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/%
* tex
\ *

An

*/

#include
#include
#include

#include

#tdefine
#tdefine

char
GLuint

void ini

ture.c

OpenGL sample program.

- Texuture Mapping.

<stdio.h>
<GL/gl.h>
<GL/glu.h>

"aux.h"

IMAGEWIDTH 256
IMAGEHEIGHT 256

image [IMAGEWIDTH] [IMAGEHEIGHT] [3];

texidx = 1;

tial(void) {

FILE *fp;

fp =
if (

fopen("texture.sample.256x256","r");
fp==NULL) {
printf(" open err; image file.\n");
exit(9);

fread(image, 1, IMAGEWIDTH*IMAGEHEIGHT*3, fp);

fclo

glPi

se(fp);

xelStorei (GL_UNPACK_ALIGNMENT, 1);

glTexEnvf (GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP);
glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP);

glNe

wlList (texidx, GL_COMPILE);

glTexImage2D (GL_TEXTURE_2D, 0, 3,
IMAGEWIDTH, IMAGEHEIGHT, 0O, GL_RGB,
GL_UNSIGNED_BYTE, &image[0][0][0]);

glPushMatrix () ;
glBegin (GL_QUADS);
glTexCoord2£ (0.0, 1.0); glVertex3£f(-1.0,
glTexCoord2f (1.0, 1.0); glVertex3f( 1.0,
glTexCoord2f (1.0, 0.0); glVertex3f( 1.0,
glTexCoord2f (0.0, 0.0); glVertex3f(-1.0,
glEnd();
glPopMatrix();

glEndList () ;

-1.0,
-1.0,
1.0,
1.0,

0.0);
0.0);
0.0);
0.0);
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glClearColor(0., 0., 0., 0.);

void display (void) {

int i;
glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );

glDisable (GL_LIGHTING) ;
glEnable (GL_TEXTURE_2D) ;

glTranslatef (0.0, -2.5, -5.0);

for (i=2; i>=-2; i--) {
glPushMatrix();
glRotatef (i*¥20.0, 0.0, 0.0, 1.0);
glTranslatef (0.0, 3.0, 0.0);

glCalllList(texidx);
glPopMatrix();
}
glFlush();

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near 3.0;
GLdouble far = 15.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity Q;

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glloadIdentity O ;

int main(int argc, char **argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv([0]);
initial(Q);
auxReshapeFunc (reshape) ;

auxMainLoop(display) ;

\ end of texture.c /
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/usr/local/CAVE/include 00000000
/usr/local/CAVE/lib oooooog
/usr/local/CAVE/bin ooooooooad

goboobobobobooba

3.4 CAVEOOO

CAVEOUOUOOOUO 0000000000 0000000 +xO00O00O0 +yODOOOOOO 4+z0O00D0O
goooo

goooogon
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goboboooboboobobooboboboobooo
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display process (1)
display process (2)
display process (3)

application computation process

a > W N -

tracking process

display process 0000000000000 00000O0OOO CompleXcopeDOODOOOOODOOOOOOO
000 display process 0 0000 OO0 application computation process 000000 CAVEOOOOOOODO
goooooooobobbobboooddoooouoooobobbobboo0ddddoooooooo oo
O00000O0OD0O0O0ODO0O00O tracking process 0O 000000O0OD0OO0OO0O0OOOOOOOOOOOOOOODOO
0000000000000 U00D00000000O0O0OD0OD0OO0 ONYXOOOOOOO (shared memorry) OO
ggooooboood

3.6 Configuration File

CAVEODOOOOOOOO0O0OO0OO0O000O00000D0000000000000000oooooooooQ
0000 .caverc 00000 configuration file D00 OOOO

# sample of .caverc
simulator y

DisplayMode mono

00O configuration file0 O OO O 00000000000 0OOOOO0O0O0O0OODOODOOOUOODOUOOOOOOO
0000000000000 0O0000000000000000000000O0O0O0O0O000 CAVE simulator
OonO0000O VROOO CompleXcope DD DODOOODOOOOOODDOOOOOONYXODODODOOOOOO
00000 Display ode monoO0 0000000000000 O00OOODOOOOOOO0OOOOODOOOOOOD
O00oooooooO CompleXcope0OOODODODOODUDOODODODDODODODODODOOODODOOOOO CAVE con-
figuration file 00 0000000000000 00D0DO000!0 (DO000OO0OO0O0ODOOOOOO)

/usr/local/CAVE/etc/cave.config
/usr/local/CAVE/etc/aso.config

~/.caverc

./ .caverc

00 (CompleXcope OO DOOOODODDO)00000000DDO0O0O0OODOO ~/.caverc OO ./.caverc O
000000 (#00000)000000000000000000000

3.7 CompleXcopeOOODODOOOMO

000 CompleXcope D 0000000000000 0OOOODOOOOO CompleXcopeOOOOOODOOOO
goobobooobobooboboobobooobooo

B EEEEEEEEEEEEEEE)

0000000000000 000000000000 CAVEOOOODODOOOOOODODOOO0OO0O0OO0O0OOO
0000000000000 (0000000000000 0)0000D0

000000 aso00000 CompleXcope OO O OO ONYX O host name 00O
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0000000000000 O00 CAVE configuration file 000 0000000000000 OOOOOO config-
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gobooooobo
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gboooboboobob
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left arrow move left
right arrow move right
Up arrow move forward
Down arrow move backward
Shift + up arrow move up

Shift + donw arrow move down
Alt + left arrow rotate left

Alt + right arrow rotate right

Alt + up arrow rotate up

Alt + down arrow rotate down

P reset head and wand to initial

CAVE D0DbOoboooboboboobobobobobooboaon

Cntl + mouse movement move wnad left/right/forward/back

Shift + mouse movement move wand left/right/up/down

Alt + mouse movement rotate wand/left/right/up/down

< and > rotate wand about Z

Home reset wand to be in front of user
F1/F2/F3/... select wand 1/2/3/... as the current wand

CAVE O0bOobOoOooboboobobooboboboobobobooboooon

mouse left button wand left button
mouse middle button wand middle button
mouse right button wand right button

Space + mouse movement joystick

CAVE DO0DOoboOooboboobobooboboo

caveOogooonooobonog

caveOOoooooobobooo
ooooooooooo /000
oooooo /000

INSERT CAVEOOOOO /00O

e =2 N =

3.9 0D0O0ODOOO0OOODOO

00000000000000000000000000000000 p4200000 OpenGL DOOOOO
0000 torus.c (00000000 0O)O CompleXcope 0D D DDODDODODODDODODOOOODOOOODOO
OVRODODODODOODODDODDODOOODOODODODODOOO
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( Xtorus.c ]
/*
*  Xtorus.c
\ *
A CompleXcope sample program.
- A torus by aux 1lib; 4 feet off the floor.
- Copied and changed from /usr/local/CAVE/src/ogl/ball.c
- No animation.
- No interaction.
- No navigation.
*/

#include <cave_ogl.h>

/* init_gl - GL initialization function. This function will be called
exactly once by each of the drawing processes, at the beginning of
the next frame after the pointer to it is passed to CAVEInitApplication.
It defines and binds the light and material data for the rendering. */

void init_gl(void) {
GLfloat mat_diffusel] {1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] {o0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular[] = { 0.9, 0.9, 0.9, 1.0 };

0, 1.0, 1.0, 1.0 };
0.5, 0.5, 1.0 };
0, 1.0, 1.0, 1.0 };
1.0, 1.0, 1.0, 0.0 };

I
e e B e B

GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[]
GLfloat light_position[]

glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glMaterialfv(GL_FRONT_AND_BACK, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT, mat_ambient);
glMaterialfv(GL_FRONT_AND_BACK, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT_AND_BACK, GL_SHININESS, 64.0);

glEnable (GL_LIGHTO) ;
¥

/* draw_torus - the display function. This function is called by the
CAVE library in the rendering processes’ display loop. It draws a
torus 4 feet off the floor */

void draw_torus(void) {
glClear(GL_DEPTH_BUFFER_BIT|GL_COLOR_BUFFER_BIT);
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glEnable (GL_LIGHTING) ;
glPushMatrix () ;
glTranslatef (0.0, 4.0, -2.0);
auxSolidTorus(0.2,1.0);
glPopMatrix() ;
glDisable (GL_LIGHTING);

main(int argc,char **argv) {
/* Initialize the CAVE */
CAVEConfigure (&argc,argv,NULL) ;
CAVEInit();
/* Give the library a pointer to the GL initialization function */
CAVEInitApplication(init_gl,0);
/* Give the library a pointer to the drawing function */
CAVEDisplay(draw_torus,0);
/* Wait for the escape key to be hit */
while (!CAVEgetbutton(CAVE_ESCKEY))

sginap(10) ; /* Nap so that this busy loop doesn’t waste CPU time */
/* Clean up & exit */
CAVEExit () ;

\ end of Xtorus.c /

“CAVE’ 0000000000 CAVEOOOOOOOOODOOODOOOODOOODOO0O0OOOOoooO

CAVEConfigure() Configuration 0O OOOOOOOOOOOO

CAVEInit() CAVE U0 00ODODO0ODbOODO fork

CAVEInitApplication() OpenGLOO0ODOOOOO0ODOOOOODO

init_gl() (0DO00O0O0) OpenGLOOOOOO

CAVEDisplay() gbobooboboo

draw_torus () (00000 )0penGL OO OO
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CAVEgetbutton (CAVE_ESCKEY) ESCOO hitO OO

sginap () oooooooooo

CAVEExit () gbooooboobooboooobooooo

3.10 O000OOO0OOOOOO0

O0000000000000ooo0o0o0oooo0 Xtours.e O “auxSolidTorus” 000 O O “auxSolidSphere”
0000000000000 0 ax0000000D000D00000000000OO000O0O0000 gluOOOOO
goooooooobobooooa (p.33D O )D

| Xball.c |

/*

* Xball.c

\*

A CompleXcope sample program.

- A ball by the glu lib; 1 feet radius, 4 feet off the floor.
- Copied and changed from /usr/local/CAVE/src/ogl/ball.c
- No animation.
- No interaction.
- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>

static GLUquadricObj *sphere(bj;

/* init_gl - GL initialization function. This function will be called
exactly once by each of the drawing processes, at the beginning of
the next frame after the pointer to it is passed to CAVEInitApplication.
It defines and binds the light and material data for the rendering,
and creates a quadric object to use when drawing the sphere. */
void init_gl(void) {
GLfloat mat_diffusel] {1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] {0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular[] = { 0.9, 0.9, 0.9, 1.0 };

GLfloat light_diffuse[] {1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient[] {0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
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/*

GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };
glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glMaterialfv (GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv (GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular) ;
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glEnable (GL_LIGHTO) ;

sphereObj = gluNewQuadric();
draw_ball - the display function. This function is called by the
CAVE library in the rendering processes’ display loop. It draws a

ball 1 foot in radius, 4 feet off the floor, and 2 foot in front
of the front wall (assuming a 10’ CAVE). */

void draw_ball(void) {

glClear (GL_DEPTH_BUFFER_BIT|GL_COLOR_BUFFER_BIT) ;
glEnable (GL_LIGHTING) ;
glPushMatrix () ;

glTranslatef (0.0, 4.0, -3.0);

gluSphere (sphereQbj, 1.0, 16, 16);
glPopMatrix () ;
glDisable (GL_LIGHTING) ;

main(int argc,char **argv) {

/*

/*

/*

/*

Initialize the CAVE x/

CAVEConfigure(&argc,argv,NULL) ;

CAVEInit();

Give the library a pointer to the GL initialization function */
CAVEInitApplication(init_gl,0);

Give the library a pointer to the drawing function */
CAVEDisplay(draw_ball,0);
Wait for the escape key to be hit */

while (!CAVEgetbutton(CAVE_ESCKEY))

sginap(10); /* Nap so that this busy loop doesn’t waste CPU time */

Clean up & exit */

CAVEExit () ;

\ end of Xball.c /
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3.11 0DO00O0O0DO0O0OOO3(DoUoUoO)

000000000000 00000000ooooooooooo pb200000000000000
swing_torus.c 0 CompleXcope OO OO

[ Xswing_torus.c ]

/*

*  Xswing_torus.c

\*

A CompleXcope sample program.
- Copied and changed from /usr/local/CAVE/src/ogl/bounce.c
- A rotating torus.
- Calculation of their movements are performed in the main process.
- It is communicated to the three drawing processes through
the shared memory.

- No interaction.
- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>

/* The data that will be shared between processes */
struct _torusdata {

float anglel;

float angle2;

s

void init_gl(void) ,draw(struct _torusdata x);
struct _torusdata *init_shmem(void);

void compute(struct _torusdata *);

main(int argc, char x*argv) {
struct _torusdata *torus;
CAVEConfigure (&argc,argv,NULL) ;
torus = init_shmem();
CAVEInit(Q);
CAVEInitApplication(init_gl,0);
CAVEDisplay(draw,1,torus);
while (!CAVEgetbutton(CAVE_ESCKEY)) {

compute (torus) ;
sginap(1);

}

CAVEExit () ;

struct _torusdata *init_shmem(void) {
struct _torusdata *torus;
torus = CAVEMalloc(sizeof (struct _torusdata));
bzero(torus,sizeof (struct _torusdata));

return torus;
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void compute(struct _torusdata *torus) {
float t = CAVEGetTime();
torus->anglel = t*50;

t*73;

torus->angle2

void init_gl(void) {
GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular[]
GLfloat light_position[]

1]
o N e N e B

0, 1.0, 1.0, 1.0}
0.5, 0.5, 1.0 };
}
}

0, 1.0, 1.0,
0, 1.0, 1.0, 0.0

glEnable (GL_LIGHTO);
glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
gllLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllLightfv(GL_LIGHTO, GL_POSITION, light_position);

void draw(struct _torusdata *torus) {
glClear (GL_DEPTH_BUFFER_BIT|GL_COLOR_BUFFER_BIT) ;
glEnable (GL_LIGHTING) ;

glTranslatef (0.0, 4.0, -3.0);

glPushMatrix () ;
glRotatef (torus->anglel, 1.0, 0.0, 0.0);
glRotatef (torus->angle2, 0.0, 1.0, 1.0);
auxSolidTorus (0.2, 1.0);

glPopMatrix();

glDisable (GL_LIGHTING);

\ end of Xswing_torus.c /
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0000000000 000o0ooo0000000000U000o0O0o0o0o000d0 shared memory D OO OO0
O000000o0o000o0on0 torus 000000000000 OO0DOOOO torus O shared memory 0000 O
00000 shared memory 00000000000 init.shmem() 00000 CAVE alloc() 00O
gooooooooooo
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CAVEO O UODODO shared memory U0 UOODOODO 8MB OOODO

gooooooobo

CAVESetOption(CAVE_SHMEM_SIZE, size_in_bytes)

0O CAVEConfigure() OOO0OOO

3.12 0O0O0ODODOOOO 4

gbooooboobobooboboobobooboboobobooboboooboobooon

( Xbounce.c )

/*

*  Xbounce.c

\ *

A CompleXcope sample program.
- Copied and changed from /usr/local/CAVE/src/ogl/bounce.c
- Two bouncing balls.
- Calculation of their movements are performed in the main process.
- It is communicated to the three drawing processes through
the shared memory.

- No interaction.

- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>

/* The data that will be shared between processes */
struct _balldata {

float y;

+;

void init_gl(void) ,draw_balls(struct _balldata *);
struct _balldata *init_shmem(void);

void compute(struct _balldata *);

main(int argc, char x*argv) {
struct _balldata *ball;
CAVEConfigure (&argc,argv,NULL) ;
/* Initialize shared memory */
ball = init_shmem();
CAVEInitQ);
CAVEInitApplication(init_gl,0);
/* Give the library a pointer to the drawing function, plus one argument */
CAVEDisplay(draw_balls,1,ball);
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while (!CAVEgetbutton(CAVE_ESCKEY)) {
/* Update the balls’ positions */

compute(ball) ;
sginap(1);

}

CAVEExit () ;

/* init_shmem - initializes shared memory. The data is allocated from a
shared memory arena, and so will be common to all processes forked after
this is called. */

struct _balldata *init_shmem(void) {
struct _balldata *ball;
ball = CAVEMalloc(2*sizeof (struct _balldata));
bzero(ball,2*sizeof (struct _balldata));

return ball;

/* compute - compute new positions for the balls. The height of the balls
is a function of the current CAVE time. */
void compute(struct _balldata *ball) {
float t = CAVEGetTime();
ball[0].y = fabs(sin(t)) * 5 + 1;
ball[1].y = fabs(sin(t*1.2)) * 3 + 1;

static GLuint redMat, blueMat;
static GLUquadricObj *sphere(bj;

/* init_gl - initialize GL lighting & materials */
void init_gl(void) {

float redMaterialll = { 1, 0, 0, 1 };

float blueMateriall]l = { 0, 0, 1, 1 };

GLfloat light_diffusel] ={ 1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient[] = { 0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };

glClearColor(0., 0., 0., 0.);
glEnable (GL_LIGHTO) ;

gllightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

/* 1st display list */
redMat = glGenLists(1);
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glNewList (redMat, GL_COMPILE);

glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, redMaterial);
glEndList () ;

/* 2nd display list */

blueMat = glGenLists(1);

glNewList (blueMat, GL_COMPILE);

glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, blueMaterial);
glEndList () ;

sphereObj = gluNewQuadric();

/* draw_balls - draw